From our research and development in hard x-ray lithography, we have found that our conventional leadscrew driven scanner stages do not provide adequate scan speed or travel. These considerations have led us to develop a scanning system based on a long stroke hydraulic drive with 635 mm of travel and closed loop feedback to position the stage to better than 100 micrometers. The control of the device is through a PC with a custom Lab View interface coupled to simple x-ray beam diagnostics. This configuration allows us to set a variety of scan parameters, including target dose, scan range, scan rates, and dose rate. Results from our prototype system at beamline X-27B are described as well as progress on a production version for the X-14B beamline.
.O Introduction
The National Synchrotron Light Source has initiated a deep x-ray lithography (DXRL) program utilizing the unique properties of its X-ray storage ring. Our R&D beamline X-27B has been used for this purpose for several years. The program has demonstrated the compelling advantages derived from the relatively high photon energy and high flux density available at the NSLS x-ray ring for exposing resist (polymethylmethacrylate (PMMA)) in thickness' of 10 mm or more (Siddons et aZ (l994) and Johnson et a Z (1 996)). The success of X-27B program motivated us to initiate construction of a production exposure station at beamline X-14BY which we hope to make available in early 1998.
In our development of the X-27B exposure station, we utilized a variety of existing mechanical scanning devices. They were all gear reduction leadscrew drives, powered by stepper motors. These stages were actually designed to serve other functions (positioning optics for example), and were less than satisfactory for lithography exposures due to limitations such as small scan range, low scan speed, and low mechanical durability. Our 'best' previous scan stage possessed a limited (-14Omm) scan distanceand a low scan speed (-5 d s ) . It also suffered from motor acceleration resonances which would cause the scanner to lose its position or to stop moving altogether. Although this system served us well and yielded useful results, it was clear we needed to replace it with one which would provide us with a larger operating window for our research. After considering several alternative approaches, we decided to develop a non-leadscrew based device, and ultimately settled on the hydraulic system described in this work.
Design Considerations
As the process of designing the new scan stage progressed, it became apparent that a hydraulic system would allow us to incorporate several desirable features that would prove difficult to obtain with a leadscrew-based system. While performing DXRL exposures with our old leadscrew-based system, we determined that a significant amount of time was spent decelerating and then accelerating the scan stage after each pass through the x-ray beam. One approach to reduce the impact of this "dead time" is to expose several substrates during the same scan. To do so the scan stage must be able to provide a long stroke. This turns out to be readily achieved with a hydraulic cylinder.
For our prototype scanner we selected a cylinder w i t h a 635 mm stroke.
It also became clear from OUT previous experiments that significant improvements in resist processing are realized by exposing with relatively low dose rates while maintaining a relatively high integrated dose, which can be achieved by increasing the scanning rate. For our hydraulic system scan rates as high as 250 m m / s are possible. To maintain a constant integrated dose, the number of scan cycles will increase with the scan speed. In practice this implies that the scanner must run with essentially 100% duty factor and cycle up to -25,000 strokes per day.
In our new system, we retained some of the attractive characteristics of our original scanner system. 
.O Reduction to Practice
The prototype scanner is shown in figure 1 . The scan stage working platform rides on a group of three vertical rods guided by circulating ball bushings. The hydraulic cylinder is used to raise and lower the platform, on which the mask holder and resist fixturing are mounted. A linear voltage differential transducer (LVDT) coupled to the stage provides closed loop position feedback. The cylinder is driven by a commercially available hydraulic power unit and actuated by a computer-controlled servo-valve.
The hydraulic power unit in this system has a 5-gpm pump backed with a 20 gallon reservoir. It is equipped with the usual provisions for such systems; air bleed, supply and return line filters, and a pressure gauge with an isolator. The system typically operates at 400 psi with very low noise. The hydraulic cylinder is also commercially available, having a 38mm bore and 635-stroke.
FIGURE 1 (PROTOTYPE SCANNER) SHOULD BE PLACED APPROXIMATELY HERE
An LVDT was chosen for position feedback because it has no rubbing parts subject to fatigue failure, which is an important consideration for a device that must run 
Status and Summary
Commissioning of the assembled prototype system began in September of 1996.
Since that time, the scan stage system has seen over 400 hours of scanning operation and performed over 3.1 x lo5 cycles (including an 8-hour period where over 1.6 x lo4 cycles were executed), with zero hours of downtime due to component failure. The system has met all of our design criteria, and the overall performance of the hydraulic based scan stage has exceeded our expectations. The system has also demonstrated its versatility, allowing us to control many aspects of its operation in real-time. The success of this prototype system has led us to select it as the technical basis for the scanner in our new DXRL station X-14B (Milne and Johnson (1 997)).
Many of the features of the prototype are retained in our production station scanner.
As designed, the X-14B scanner will have a maximum scan distance of 525 mm, which will allow up to 4 five-inch substrates to be exposed simultaneously. The scanner will also be capable of scan speeds up to 250 d s . Based on feedback .from outside groups who have used the X-27B scan system, the graphical user interface used to integrate the scanner controls system on X-27B will be ported directly to X-14B. The X-14B scanner will also incorporate computer controlled chilled water and helium for temperature and humidity control. 
